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Description 

The  present  invention  is  directed  to  electrohyd- 
raulic  servo  systems  including  position  measuring 
devices,  and  more  particularly  to  apparatus  for  deter- 
mining  the  position  of  an  actuator  piston,  in  an  elec- 
trohydraulic  servo  system  according  to  the  preamble 
of  claim  1  . 

In  electrohydraulic  servo  systems  which  embody 
a  servo  valve  coupled  to  a  hydraulic  actuator,  it  is  con- 
ventional  practice  to  monitor  actuator  position  using 
an  electroacoustic  linear  displacement  transducer  as 
in  US-A-  3,898,555.  This  transducer  includes  a  mag- 
net  coupled  to  the  actuator  piston  for  motion  conjointly 
therewith,  and  an  electroacoustic  waveguide  adjacent 
to  the  path  of  the  magnet.  A  current  pulse  is  launched 
on  a  wire  which  extends  through  the  waveguide  and 
coacts  with  the  field  of  the  magnet  to  propagate  an 
acoustic  signal  within  the  waveguide.  A  coupler  or 
mode  converter  receives  such  acoustic  signal,  with 
the  time  between  launching  of  the  current  pulse  and 
receipt  of  the  acoustic  signal  being  a  function  of  posi- 
tion  of  the  magnet  relative  to  the  waveguide.  This 
transducer  is  durable,  is  directly  mounted  on  the 
actuator  cylinder  but  magnetically  rather  than  physi- 
cally  coupled  to  the  actuator  piston,  and  is  capable  of 
providing  an  accurate  indication  of  actuator  piston 
position.  However,  conventional  electronics  for 
obtaining  such  position  reading  are  overly  complex 
and  inordinately  expensive.  Furthermore,  such  elec- 
tronics  are  conventionally  supplied  in  a  separate 
package  which  must  be  appropriately  positioned  and 
protected  in  the  actuator  operating  environment. 

EP  0  240  965  A1  discloses  an  electrohydraulic 
servo  valve  assembly  which  includes  a  servo  valve 
and  microprocessor-based  control  electronics  moun- 
ted  in  a  single  package  for  connection  to  hydraulic 
equipment,  such  as  a  linear  actuator.  In  a  particular 
implementation  for  a  servo-valve/linear-actuator  com- 
bination,  improved  circuitry  is  featured  for  monitoring 
operation  of  the  above-mentioned  electroacoustic 
transducer.  An  initial  current  pulse  is  launched  in  the 
waveguide  in  response  to  a  measurement  demand 
from  the  microprocessor-based  control  electronics, 
and  a  counter  is  simultaneously  reset.  Upon  receipt  of 
the  acoustic  return  pulse  from  the  waveguide,  the 
counter  is  automatically  incremented  and  a  current 
pulse  is  relaunched  in  the  waveguide.  The  output  of 
the  counter  includes  facility  for  preselecting  a  number 
of  launch/return  cycles  in  the  waveguide,  and  for 
generating  an  interrupt  signal  to  the  microprocessor- 
based  control  electronics  to  indicate  that  the  preselec- 
ted  number  of  recirculations  has  been  reached.  An 
actuator  position  reading  is  stored  in  a  clock  which 
measures  the  amount  of  time  between  the  initial 
measurement  demand  signal  and  the  interrupt  signal. 
The  clock  output  is  transmitted  to  the  control  microp- 
rocessor  on  demand. 

Although  the  combination  of  the  electroacoustic 
transducer  and  monitoring  electronics  is  considerably 
less  expensive  than  that  first  mentioned,  and  is  reli- 
able  in  long-term  operation,  improvements  remain 

5  desirable.  For  example,  electronics  for  obtaining  a 
measurement  reading  in  the  disclosure  of  such 
copending  application  occupy  one-third  of  the  total 
electronics  package.  Reduction  in  the  quantity  of 
required  circuitry  is  desirable  to  reduce  power  dissi- 

10  pation  and  increase  space  available  for  implementing 
other  control  features.  Furthermore,  although  a 
measurement  reading  is  obtained  very  quickly  relative 
to  motion  of  the  actuator  piston,  the  system  of  EP  0 
240  965  A1  does  not  continuously  monitor  piston  posi- 

es  tion  in  real  time. 
Copending  application  87  115  199.9  (EP-A-266 

606)  filed  October  17,  1987  discloses  an  electrohyd- 
raulic  servo  valve  control  system  in  which  a  coaxial 
transmission  line  is  formed  within  the  actuator  to 

20  include  a  center  conductor  coaxial  with  the  actuator 
and  an  outer  conductor.  A  bead  of  ferrite  or  other  suit- 
able  magnetically  permeable  material  is  magnetically 
coupled  to  the  piston  and  surrounds  the  center  con- 
ductor  of  the  transmission  line  for  altering  impedance 

25  characteristics  of  the  transmission  line  as  a  function 
of  position  of  the  piston  within  the  cylinder.  Position 
sensing  electronics  include  an  oscillator  coupled  to 
the  transmission  line  for  launching  electromagnetic 
radiation,  and  a  phase  detector  responsive  to  radi- 

30  ation  reflected  from  the  transmission  line  for  determin- 
ing  position  of  the  piston  within  the  actuator  cylinder. 
In  a  preferred  embodiment,  the  coaxial  transmission 
line  includes  a  tube,  with  centrally  suspended  center 
conductor  and  a  slidable  bead  of  magnetically  perme- 

35  able  material,  projecting  from  one  end  of  the  actuator 
cylinder  into  a  central  aperture  extending  through  the 
opposing  piston.  In  another  embodiment,  the  outer 
conductor  of  the  transmission  line  is  formed  by  the 
actuator  cylinder,  and  the  center  conductor  extends 

40  into  the  piston  aperture  in  sliding  contact  therewith  as 
the  piston  moves  axially  of  the  cylinder.  The  systems 
so  disclosed,  although  providing  improved  economy 
and  performance  as  compared  with  the  prior  art,  thus 
require  modification  of  actuator  designs  to  form  the 

45  piston  aperture.  Furthermore,  such  systems,  particu- 
larly  the  second  described  embodiment,  remain  sus- 
ceptible  to  temperature  variations  within  the  actuator 
and  consequent  change  in  properties  of  the  dielectric 
material  within  the  transmission  line. 

50  A  general  object  of  the  present  invention,  theref- 
ore,  is  to  provide  apparatus  for  determining  position  of 
a  piston  within  an  electrohydraulic  actuator  which  is 
inexpensive  to  implement,  which  reduces  overall 
quantity  of  circuitry  necessary  to  monitor  piston 

55  motion,  which  is  adapted  to  continuously  monitor 
motion  in  real  time,  which  is  accurate  to  a  fine  degree 
of  resolution,  which  is  reliable  over  a  substantial 
operating  lifetime,  and  which  automatically  compen- 
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sates  for  variations  in  dielectric  properties  of  the  hyd- 
raulic  fluid  due  to  temperature  variations,  etc. 

These  problems  are  solved  according  to  the 
teaching  of  present  claim  1. 

An  electrohydraulic  servo  system  in  accordance  5 
with  the  invention  includes  an  actuator  such  as  a 
linear  or  rotary  actuator  having  a  cylinder  and  a  piston 
variably  positionable  therewithin.  A  servo  valve  is  res- 
ponsive  to  valve  control  signals  for  coupling  the 
actuatorto  a  source  of  hydraulicfluid.  Electronics  res-  10 
ponsive  to  position  of  the  piston  within  the  cylinder  for 
generating  valve  control  signals  include  an  rf 
generator  having  a  frequency  control  input,  an 
antenna  structure  coupled  to  the  generator  for  radiat- 
ing  rf  energy  within  the  cylinder,  and  circuitry  respon-  15 
sive  to  variations  in  dielectric  properties  of  the 
hydraulicfluid  within  the  cylinder  for  providing  a  con- 
trol  signal  to  the  frequency  control  input  of  the 
generator  to  automatically  compensate  frequency  of 
rf  energy  radiated  within  the  cylinder  for  variations  in  20 
fluid  dielectric  properties  and  consequent  variations  in 
velocity  of  propagation,  etc. 

In  a  preferred  embodiment  of  the  invention,  the 
antenna  structure  comprises  first  and  second  anten- 
nas  positioned  within  the  cylinder  and  physically  25 
spaced  from  each  other  in  the  direction  of  piston 
motion  -  i.e.,  longitudinally  oraxially  of  the  cylinder  -  
by  an  odd  multiple  of  quarter-wavelengths  of  rf  energy 
at  a  preselected  or  nominal  output  frequency  of  the  rf 
generator.  The  rf  generator  output  is  coupled  to  the  30 
antennas  through  respective  directional  couplers.  A 
phase  detector  is  coupled  to  the  output  of  each  direc- 
tional  coupler  and  provides  an  output  signal  which 
varies  as  a  function  of  phase  angle  of  energy  reflected 
from  the  piston  and  received  at  each  of  the  antennas.  35 
The  output  of  the  phase  detector  is  coupled  to  the 
generator  frequency  control  input  through  an  integ- 
rator  so  as  to  automatically  adjust  the  oscillator  output 
frequency  to  maintain  electrical  quarter-wavelength 
spacing  between  the  antennas  and  a  zero  output  from  40 
the  phase  detector. 

In  the  preferred  embodiment  of  the  invention,  the 
piston  position-indicating  electronics  includes  a  sec- 
ond  phase  detector  having  a  first  input  coupled  to  the 
output  of  the  directional  coupler  associated  with  the  45 
antenna  closer  to  the  piston,  and  a  second  input  coup- 
led  to  the  output  of  the  rf  generator.  The  output  of  the 
second  phase  detector  is  thus  responsive  to  phase 
angle  of  energy  reflected  from  the  piston  and  provides 
a  direct  real-time  indication  of  piston  position  to  servo  50 
valve  control  electronics. 

The  invention,  together  with  additional  objects, 
features  and  advantages  thereof,  will  be  best  under- 
stood  from  the  following  description,  the  appended 
claims  and  the  accompanying  drawing  which  is  a  55 
schematic  diagram  of  an  electrohydraulic  servo  valve 
and  actuator  system  which  features  piston  position 
monitoring  circuitry  in  accordance  with  a  presently 

preferred  embodiment  of  the  invention. 
The  drawing  illustrates  an  electrohydraulic  servo 

system  10  as  comprising  a  servo  valve  12  having  a 
first  set  of  inlet  and  outlet  ports  connected  through  a 
pump  14  to  a  source  16  of  hydraulic  fluid,  and  a  sec- 
ond  set  of  ports  connected  to  the  cylinder  18  of  a 
linear  actuator  20  on  opposed  sides  of  the  actuator 
piston  22.  Piston  22  is  connected  to  a  shaft  24  which 
extends  through  one  axial  end  wall  17  of  cylinder  18 
for  connection  to  a  load  (not  shown)  the  opposed  end 
wall  19  comprising  an  absorbing  means  48.  Servo 
electronics  26  include  control  electronics  28,  prefer- 
ably  microprocessor-based,  which  receive  input  com- 
mands  from  a  master  controller  or  the  like  (not 
shown),  and  provide  a  pulse  width  modulated  drive 
signal  through  an  amplifier  30  to  servo  valve  12.  Posi- 
tion  monitoring  apparatus  32  in  accordance  with  the 
present  invention  is  responsive  to  actuator  piston  22 
for  generating  a  position  feedback  signal  to  control 
electronics  28.  Thus,  for  example,  in  a  closed-loop 
position  control  mode  of  operation,  control  electronics 
28  may  provide  valve  drive  signals  to  amplifier  30  as 
a  function  of  a  difference  between  the  input  command 
signals  from  a  remote  master  controller  via  conductor 
27  and  position  feedback  signals  from  position  moni- 
toring  apparatus  32  via  conductor  29. 

In  accordance  with  a  preferred  embodiment  of  the 
invention  illustrated  in  the  drawing,  apparatus  32 
comprises  an  rf  oscillator  34  for  generating  energy  at 
radio  frequency  as  a  function  of  signals  at  a  frequency 
control  oscillator  input  conductor  33.  A  pair  of  stub 
antennas  36,  38  are  positioned  within  and  project  into 
cylinder  18  of  actuator  20,  and  are  physically  spaced 
from  each  other  in  the  direction  of  motion  of  piston  22 
by  an  odd  multiple  of  quarter-wavelengths  at  a  pre- 
selected  nominal  or  design  output  frequency  of  oscil- 
lator  34.  The  output  conductor  35  of  oscillator  34  is 
connected  to  antennas  36,  38  through  respecitve 
directional  couplers  40,42.  The  reflected  signal  out- 
puts  of  couplers  40,  42  are  connected  via  conductors 
41,  43  to  associated  inputs  of  a  phase  detector  44 
which  has  its  output  conductor  45  coupled  through  an 
integrator  46  to  the  frequency  control  input  33  of  oscil- 
lator  34.  A  disc  48  of  microwave  absorption  material 
is  positioned  at  the  end  wall  of  cylinder  1  8  remotely  of 
piston  22.  The  reflected  signal  output  of  antenna  36 
adjacent  to  piston  22  is  also  fed  via  conductor  49  to 
one  input  of  a  phase  detector  50,  which  receives  a 
second  input  from  oscillator  34  and  provides  a  posi- 
tion-indicating  output  via  conductor  29  to  control  elec- 
tronics  28. 

In  operation,  antennas  36,  38  at  quarter-wave- 
length  spacing  propagate  rf  energy  toward  piston  22, 
while  energy  in  the  opposite  direction  is  virtually  can- 
celled.  Any  residual  energy  is  absorbed  at  disc-sha- 
ped  absorbing  means  48.  Energy  reflected  by  piston 
22  and  received  at  anenna  36  is  phase-compared 
with  the  output  of  oscillator  34  at  detector  50,  and  the 
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phase  differential  provides  a  position-indicating  signal 
to  control  electronics  28.  In  the  meantime,  and  as  long 
as  the  reflected  signals  at  antennas  36,  38  remain  at 
electrical  quarter-wavelength  spacing  with  respect  to 
the  frequency  of  oscillator  34,  the  output  of  phase 
detector  44  is  zero.  However,  in  the  event  that  dielec- 
tric  properties  of  hydraulic  fluid  within  the  cylinder  18 
vary,  because  of  temperature  and  pressure  for 
example,  such  that  the  velocity  of  propagation 
changes,  the  reflected  energies  at  antennas  36,  38 
correspondingly  vary  from  electrical  quarter-wave- 
length  spacing  and  the  output  of  phase  detector  44 
varies  from  zero.  Such  phase  detector  output  vari- 
ation  is  sensed  at  integrator  46,  which  provides  a  cor- 
responding  signal  to  the  frequency  control  input  of 
oscillator  34.  The  oscillator  output  frequency  is  cor- 
respondingly  varied  upwardly  or  downwardly  until  the 
output  of  phase  detector  44  returns  to  the  zero  level. 
Thus,  the  output  frequency  of  oscillator  34  is  auto- 
matically  controlled  to  compensate  for  variations  in 
dielectric  properties  of  the  medium  -  i.e.,  the  hydraulic 
fluid  -  through  which  position-measuring  energy  is 
propagated  to  and  from  piston  22. 

It  will  be  appreciated  that  the  preferred  embodi- 
ment  of  the  invention  hereinabove  described  is  sub- 
ject  to  any  number  of  modifications  and  variations 
without  departing  from  the  principles  of  the  invention. 
For  example,  the  invention  is  by  no  means  limited  to 
use  in  conjunction  with  linear  actuators  of  the  type 
illustrated  in  the  drawing,  but  may  be  employed  equ- 
ally  as  well  in  conjunction  with  rotary  actuators  or  any 
other  type  of  actuator  in  which  the  cylinderand  the  pis- 
ton  cooperate  to  form  a  radiation  cavity.  Nor  is  the 
invention  limited  to  use  of  reflected  energy  for  posi- 
tion-measuring  purposes.  For  example,  the  position- 
indicating  electronics  could  be  responsive  to  energy 
absorbed  within  the  cylinder/piston  cavity  by  monitor- 
ing  the  frequency  of  absorption  resonances.  In  appli- 
cations  in  which  the  fluid  temperature  does  not  vary, 
or  in  which  fluid  properties  do  not  vary  markedly  with 
temperature,  the  structure  of  the  invention  may  be 
employed  for  temperature  compensation  of  oscillator 
34. 

Claims 

1.  An  electrohydraulic  servo  system  which 
includes  an  actuator  (20)  having  at  least  a  cylinder 
(18)  and  a  piston  (22)  variably  positionable  there- 
within,  a  servo  valve  (12)  responsive  to  valve  control 
signals  for  coupling  said  actuator  (20)  to  a  source  (14, 
16)  of  hydraulic  fluid,  and  means  (32)  responsive  to 
position  of  said  piston  (22)  within  said  cylinder  (1  8)  for 
generating  said  valve  control  signals, 

characterized  in  that  said  position  responsive 
means  (32)  comprises 

an  if  generator  (34)  having  a  frequency  control 

input  (33),  antenna  means  (36,  38)  positioned  within 
said  cylinder  (18)  and  coupled  to  said  generator  (34) 
for  radiating  rf  energy  within  said  cylinder  (18), 

means  (29,  40,  49,  50)  coupled  to  said  antenna 
5  means  (36)  and  responsive  to  rf  energy  at  said 

antenna  means  for  indicating  position  of  said  piston  ? 
(22)  within  said  cylinder  (18),  and  means  (36-46)  res- 
ponsive  to  variations  in  dielectric  properties  of  said 
hydraulic  fluid  within  said  cylinder  (18)  for  providing  a  * 

10  control  signal  to  said  frequency  control  input  (33)  of 
said  generator  (34)  to  automatically  compensate  fre- 
quency  of  said  rf  energy  for  variations  in  said  dielectric 
properties. 

2.  The  system  set  forth  in  claim  1  wherein  said 
15  variations-responsive  means  (36-46)  comprises 

means  positioned  within  said  cylinder  (1  8)  for  indicat- 
ing  variations  in  said  dielectric  properties  of  said  fluid 
at  said  antenna  means  (36,  38). 

3.  The  system  set  forth  in  claim  1  or  2  wherein 
20  said  antenna  means  (36,  38)  comprises  first  (36)  and 

second  (38)  antennas  positioned  within  said  cylinder 
(1  8)  and  physically  spaced  from  each  other  by  an  odd 
multiple  of  quarter-wavelengths  of  rf  energy  at  a  pre- 
selected  frequency  of  said  generator  (34). 

25  4.  The  system  set  forth  in  claim  3  wherein  said 
variations-responsive  means  (36-46)  comprises  a 
phase  detector  44  responsive  to  phase  angle  bet- 
ween  rf  energies  at  said  first  (36)  and  second  (38) 
antennas. 

30  5.  The  system  set  forth  in  any  of  claims  1-4  whe- 
rein  said  variations-responsive  means  (36-46)  com- 
prises  an  integrator  (46)  having  an  input  (45)  coupled 
to  an  output  (45)  of  said  variation  responsive  means 
(36-46)  and  an  output  coupled  to  said  control  input 

35  (33)  of  said  rf  generator  (34). 
6.  The  system  set  forth  in  claim  5  wherein  said 

variations-responsive  means  (36-46)  comprises  a 
(first)  phase  detector  (44). 

7.  The  system  set  forth  in  any  of  claims  1-6  whe- 
40  rein  said  variations-responsive  means  (36-46)  further 

comprises  first  (40)  and  second  (42)  directional  coup- 
lers  connected  between  said  generator  (34),  said  first 
(36)  and  second  (38)  antennas,  and  said  phase  detec- 
tor  inputs  (41,  43). 

45  8.  The  system  set  forth  in  any  of  Claims  1-7  whe- 
rein  said  position-indicating  means  (29,  40,  49,  50) 
comprises  a  (second)  phase  detector  (50)  having 
inputs  (35,  49)  coupled  to  said  generator  (34)  and  to 
the  said  antenna  (36)  adjacent  to  said  piston  (18).  ? 

so  9.  The  system  set  forth  in  any  of  claims  1-8  whe- 
rein  said  cylinder  (18)  includes  an  absorbing  means 
(48)  which  is  located  at  the  piston  shaft  remote  end  4 
(19)  of  the  cylinder  (18). 

55 
Anspruche 

1.  Elektrohydraulisches  Servosystem  mitfolgen- 
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den  Merkmalen  : 
ein  Betatigungsteil  (20)  weist  mindestens  einen 

Zylinder  (18)  und  einen  hierin  variabel  positionierba- 
ren  Kolben  (22)  auf,  ein  Servoventil  (12)  sprichtauf 
Ventilsteuersignale  an,  urn  das  Betatigungsteil  (20)  5 
an  eine  Quelle  (14,  16)  mit  hydraulischer  Flussigkeit 
zu  koppeln  ; 

eine  Einrichtung  (32)  spricht  auf  die  Stellung  des 
Kolbens  (22)  innerhalb  des  Zylinders  (18)  an,  urn  die 
Ventilsteuersignale  zu  erzeugen,  dadurch  gekenn-  10 
zeichnet,  daB  die  auf  die  Position  ansprechende  Ein- 
richtung  (32)  folgende  Merkmale  umfaSt  : 

einen  Radiowellen-Generator  (34)  weist  einen 
Frequenzsteuereingang  (33)  auf,  Antenneneinrich- 
tungen  (36,  38)  sind  innerhalb  des  Zylinders  (18)  an-  ,  15 
geordnet  und  an  den  Generator  (34)  gekoppelt,  um 
Radiowellen-Energie  innerhalb  des  Zylinders  (18) 
auszustrahlen  ; 

eine  Einrichtung  (29,  40,  49,  50)  ist  an  die  Anten- 
neneinrichtungen  (36)  gekoppelt  und  spricht  auf  die  20 
Radiowellen-Energie  an  den  Antenneneinrichtungen 
an,  um  die  Stellung  des  Kolbens  (22)  innerhalb  des 
Zylinders  (18)  anzuzeigen  ; 

eine  Einrichtung  (36-46)  spricht  auf  Anderungen 
von  dielektrischen  Eigenschaften  der  Hydraulikfliis-  25 
sigkeit  innerhalb  des  Zylinders  (1  8)  an,  um  ein  Steuer- 
signal  fur  den  Frequenzsteuereingang  (33)  des 
Generators  (34)  zu  erzeugen  und  automatisch  die 
Frequenz  der  Radiowellen-Energie  bei  Anderungen 
der  dielektrischen  Eigenschaften  zu  kompensieren.  30 

2.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  die  auf  Anderungen  ansprechende  Ein- 
richtung  (36-46)  eine  innerhalb  des  Zylinders  (18) 
angeordnete  Einrichtung  umfaBt,  um  Anderungen  der 
dielektrischen  Eigenschaften  der  Flussigkeit  an  den  35 
Antenneneinrichtungen  (36,  38)  anzuzeigen. 

3.  System  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  da&  die  Antenneneinrichtungen  (36, 
38)  eine  erste  (36)  und  zweite  (38)  Antenne  umfas- 
sen,  die  innerhalb  des  Zylinders  (18)  angeordnetsind  40 
und  physikalisch  durch  ein  ungerades  Vielfaches  von 
Viertelwellenlangen  von  Radiowellen-Energie  bei 
einer  vorgewahlten  Frequenz  des  Generators  (34) 
voneinander  getrennt  sind. 

4.  System  nach  Anspruch  3,  dadurch  gekenn-  45 
zeichnet,  daR  die  auf  Anderungen  ansprechende  Ein- 
richtung  (36-46)  einen  Phasendetektor  (44)  umfa&t, 
der  auf  den  Phasenwinkel  zwischen  Radiowellen- 
Energien  an  der  ersten  (36)  und  zweiten  (38)  Antenne 
anspricht.  so 

5.  System  nach  einem  der  Anspruche  1  bis  4, 
dadurch  gekennzeichnet,  daR  die  auf  Anderungen 
ansprechenden  Einrichtung  (36-46)  einen  Integrator 
(46)  umfaBt  mit  einem  Eingang  (45),  der  an  einen 
Ausgang  (45)  der  auf  Anderungen  ansprechenden  55 
Einrichtung  (36-46)  gekoppelt  ist  und  einen  Ausgang, 
der  an  den  Steuereingang  (33)  des  Radiowellen- 
Generators  (34)  gekoppelt  ist. 

6.  System  nach  Anspruch  5,  dadurch  gekenn- 
zeichnet,  dad  die  auf  Anderungen  ansprechenden 
Einrichtung  (36-46)  einen  (ersten)  Phasendetektor 
(44)  umfaRt. 

7.  System  nach  einem  der  Anspruche  1  bis  6, 
dadurch  gekennzeichnet,  daR  die  auf  Anderungen 
ansprechende  Einrichtung  (36-46)  weiterhin  einen 
ersten  (40)  und  zweiten  (42)  Richtungskoppler 
umfaBt,  der  zwischen  dem  Generator  (34),  der  ersten 
(36)  und  zweiten  (38)  Antenne  und  den  Eingangen 
(41  ,  43)  des  Phasendetektors  geschaltet  ist 

8.  System  nach  einem  der  Anspruche  1  bis  7, 
dadurch  gekennzeichnet,  daR  die  auf  Anderungen 
ansprechende  Einrichtung  (29,  40,  49,  50)  einen 
(zweiten)  Phasendetektor  (50)  umfa&t  mit  Eingangen 
(35,  49),  die  an  den  Generator  (34)  und  die  dem  Kol- 
ben  (18)  benachbarte  Antenne  (36)  Gekoppelt  sind. 

9.  System  nach  einem  der  Anspruche  1  bis  8, 
dadurch  gekennzeichnet,  dali  der  Zylinder  (18)  eine 
Absorptionseinrichtung  (48)  enthalt,  die  sich  an  dem 
der  Kolbenstange  abgewandten  Ende  (19)  des  Zylin- 
ders  (18)  befindet. 

Revendications 

1.  Un  servo-systeme  electro-hydraulique  qui 
comprend  un  dispositif  d'actionnement  (20)  compor- 
tant  au  moins  un  cylindre  (18)  et  un  piston  (22)  pou- 
vant  prendre  une  position  variable  dans  celui-ci,  un 
servo-distributeur  (12)  repondant  a  des  signaux  de 
commande  de  distribution  pour  relier  ledit  dispositif 
d'actionnement  (20)  a  une  source  (14,  16)  de  fluide 
hydraulique  et  un  moyen  (32)  repondant  a  la  position 
dudit  piston  (22)  dans  ledit  cylindre  (1  8)  pour  produire 
lesdits  signaux  de  commande  de  distribution,  carac- 
terise  en  ce  que  ledit  moyen  (32)  repondant  a  une 
position  comprend  : 

-  un  g6n6rateur  HF  (34)  comportant  une  entree 
de  commande  de  frequence  (33), 
-un  ensemble  d'antennes  (36,  38)  dispose  a 
I'inteneur  dudit  cylindre  (1  8)  et  reli6  audit  g6n6ra- 
teur  (34)  pour  rayonner  de  I'energie  HF  a  I'inte- 
rieur  dudit  cylindre  (18), 
-  des  moyens  (29,  40,  49,  50)  relies  audit  ensem- 
ble  d'antennes  (36)  et  repondant  a  Penergie  HF 
rayonnee  par  ledit  ensemble  d'antennes  pour 
indiquerune  position  dudit  piston  (22)  a  I'interieur 
dudit  cylindre  (18),  et 
-  des  moyens  (36-46)  repondant  a  des  variations 
des  proprietes  dielectriques  dudit  fluide  hydrauli- 
que  se  trouvant  dans  ledit  cylindre  (18)  pour  pro- 
duire  un  signal  de  commande  applique  a  ladite 
entree  de  commande  de  frequence  (33)  dudit 
gSnerateur  (34)  pour  compenser  automatique- 
ment  I'influence  de  variations  desdites  proprietes 
dielectriques  sur  la  frequence  de  ladite  energie 
HF. 

5 
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2.  Le  systeme  selon  la  revendication  1,  dans 
lequel  lesdits  moyens  repondant  a  des  variations  (36- 
46)  comprennent  des  moyens  disposes  a  I'int6rieur 
dudit  cylindre  (1  8)  pour  indiquer  des  variations  desdi- 
tes  proprietes  dielectriques  dudit  fluide  dans  ledit  5 
ensemble  d'antennes  (36,  38).  : 

3.  Le  systeme  selon  la  revendication  1  ou  2,  dans 
lequel  ledit  ensemble  d'antennes  (36,  38)  comprend 
une  premiere  (36)  et  une  seconde  (38)  antenne  dis-  •> 
posee  a  I'inteneur  dudit  cylindre  (18)  et  espacees  phy-  10 
siquement  I'une  de  I'autre  par  un  multiple  impair  de 
quarts  de  longueurs  d'ondes  d'6nergie  HF  pour  une 
frequence  pr6s6Iectionn6e  dudit  g6n6rateur  (34). 

4.  Le  systeme  selon  la  revendication  3,  dans 
lequel  lesdits  moyens  repondant  a  des  variations  (36-  is 
46)  comprennent  un  detecteur  de  phase  (44)  repon- 
dant  a  un  angle  de  phase  entre  des  Energies  HF 
rayonn§es  dans  lesdites  premiere  (36)  et  seconde 
(38)  antennes. 

5.  Le  systeme  selon  une  quelconque  des  reven-  20 
dications  1  a  4,  dans  lequel  lesdits  moyens  r6pondant 
a  des  variations  (36-46)  comprennent  un  integrateur 
(46)  comportant  une  entree  (45)  reliee  a  une  sortie 
(45)  desdits  moyens  repondant  a  des  variations  (36- 
46)  et  une  sortie  reliee  a  ladite  entree  de  commande  25 
(33)  dudit  gSnerateur  HF  (34). 

6.  Le  systeme  selon  la  revendication  5,  dans 
lequel  lesdits  moyens  repondant  a  des  variations  (36- 
46)  comprennent  une  (premier)  d&ecteur  de  phase 
(44).  30 

7.  Le  systeme  selon  une  quelconque  des  reven- 
dications  1  a  6,  dans  lequel  lesdits  moyens  repondant 
a  des  variations  (36-46)  comprennent  en  outre  un  pre- 
mier  (40)  et  un  second  (42)  coupleur  directionnel, 
connected  entre  ledit  g£n§rateur  (34),  lesdites  pre-  35 
miere  (36)  et  seconde  (38)  antennes  et  lesdites 
entries  (41,  43)  du  detecteur  de  phase. 

8.  Le  systeme  selon  une  quelconque  des  reven- 
dications  1  a  7,  dans  lequel  lesdits  moyens  dedica- 
tion  de  position  (29,  40,  49,  50)  comprennent  un  40 
(second)  dStecteur  de  phase  (50)  comportant  des 
entries  (35,  49)  relives  audit  generateur  (34)  et  a 
ladite  antenne  (36)  qui  est  adjacente  audit  piston  (1  8). 

9.  Le  systeme  selon  une  quelconque  des  reven- 
dications  1  a  8,  dans  lequel  ledit  cylindre  (18)  45 
comprend  un  moyen  d'absorption  (48)  qui  est  situe  a 
1'extremiti  (1  9)  de  la  tige  de  piston  qui  est  6loignee  du 
cylindre  (18). 
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